Earthquakes and mass Transport beneath the
Long Valley Caldera — Mammoth Mountain
Magmatic Systems

D:P. Hill &S. /Prejean _ - A ey, Y
USGS, Long Valley: Obgggv 2 e :'::‘r,, ,;

5th UINR Eart’hquake Rese!lrch Pahe“l Meetmg ST A .» %
Asﬂomar CA _"'-;v.\,l, % i o 20 :,,.,.r S e




p—

1nenta

)

f a cont
in & Range
Ince

ing

1C sett
1 prov

Long Valley Caldera
mao
ft zone (the Bas

1
extensiona

Western marg

Tecton




Mammoth Lakes: between a volcano
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Long Valley Caldera
Mono Lake region

3.0<M<6.5
earthquakes:
1978-1999

SCALE 1:500000

50 Miles

Figure 1. 1978-1999 Seismicity (3.0 <M <6.5
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Mammoth Mtn earthquakes: 1982-98

—_
o

DEPTH (KM)

Mammoth Mountain
seismicity: 1982-1998
O HF earthquake
V'  LP earthquake

|

1985 1990
TIME (YEARS)




3189°

» &

1989 Mammoth Mountain
swarm with high-resolution
hypocenters

Depth (km)
(83} <o

color coded with increasing
time from blue through red

% °d
. “ i !
3 . .' ,.1 2.. ;

. tood s 8
T 5 i
90 LIS S e i

Y oS s .
oo 3k 2 Bi S
Rer S p
."ir: B .

.".‘J °,°, :." * a3
:".:‘?f'\}:o 2% ey

RIS
1989.4 1989.6 1989.8 1990 1990.2

from S. Prejean (May 26)  (Aug. 7) (Od. 19) (Jon. 1) (Mar. 14)

Time(year)




Seismieity propagation and hydraulic diffusivity
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LVC M>2 Seismigiy 1997-1998.5

The 1997-98 Unrest episode: accelerating
uplift and swarm activity
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High-resolution seismicity patterns for the 1997 south moat swarm
by the double-difference method (Prejean et al., 2002)
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Nov. 22, 1997 Seismicity: Map View
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Seismicity propagation and hydraulic diffusivity
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Seismicity propagation and hydraulic diffusivity
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Hill-type fracture
mesh linking
fault slip to
fracture opening

Sibson, 1996
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displacement, d

Approximate relation

Areq, A = (WL)
between cumulative X
seismic moment, 2 Mo,
and total crack volume | o
AV 1n an earthquake Crack moment, Mc~dA| ¢ x+2p 0 , [IMc]| = Mc ~ (A+2pn) dA
swarm fracture mesh o o0 2
0 0
Fault moment, Mf~dA | 0 1 0 , [IMc]|| = Mf ~ udA
L0 0 —p
Foro=1/4, A~p,and dA~AV
Mo = Mc + Mf ~ 41 AV >~ AV ~ (1/4n) £ Mo

Or, the total volume change is roughly 1/4th
the observed cumulative moment — when
both the fault and crack radiate in the seismic
frequency band
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Mammoth Mountain: May 1989 - Jan 1990
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Installing the LVEW instrument string: August 2003
\




LVEW seismograms from two local earthquakes

top: LVEW down-hole setsmometer
middle: surface seismometer 3-km S of borehole
bottom: surface seismometer 3 km NW of borehole
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M=5.5 earthquake; A=48 km from LVEW lower seismometer
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Sunrise on Mammoth Mountain




